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SUMMARY 

Low-speed wind-tunnel t e s t s  and flight tests at Mach numbers from 
0.6 t o  1.46 were conducted on two rocket-powered research models incor- 
porating a  proposed  all-movable-type horizontal tail. The free-floating 
t a i l  consists of a delta-surface s t a b i l i z e r  with a l i nked- t r a im-edge  
f lap .  Mounted forward of the  stabflizer on a boom is a canard-type delta- 
surface  servoplane which acts as the  control  in trimming the free-floating 
t a i l  t o  produce the  desired lift. 

The results  obtained f r o m  these  tests  indicate that servoplane down- 
w a s h  effects  on the  free-floating stabilizer are  overbalancing,  partic- 
ularly at high angles of attack, and that  servoplane  effectiveness changes 
only slightly as Mach  number increases. %e tendency of the  free-floating 
t a i l  to  f loat   into  the wind is quite low at subsonic  speeds  but  increases 
rapidly i n  the transonic ramge and decreases with increasing  angle of 
attack.  In the transonic  range,  the t a i l  hinge moments due t o  angle of  
attack increase  rapidly, wkereas the hinge moments due t o  f l ap  deflection 
decrease,  the combined result  being an irregular  but  compratively steady 
value of hinge moment per  unit t a i l  deflection. The sum of the t a i l  
damping derivatives i s  constant w i t h  Mach  number except  -over a narrow 
range a t  Mach number’ 0.98 where the tail is dynamically unstable. Tfie 
maneuvering effectiveness of the a-movable  t a i l  i s  consistently  quite 
high  over  the Mach  number range of these tests, and the l inked  f lap is 
satisfactory i n  allowing  the tail to provide static s t a b i l i t y  to  the 
complete configuration. Above a Mach  number of 0 .g’j there is  a steadily 
increasing  positive t a i l  trim change  which resul ts  from a change i n  the 
t a i l  trim hinge moment. Interference  effects of the  vertical  tail and 
the  horizontal- and vertical-tail   juncture are believed  to be responsible 
for  this trim change. 

. 
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INTRODUCTION 
.1 

The advent  of  transonic and supersonic  airplanes  has  greatly  increasedo 
the  necessity  for  designing  control systems which are capable of over- 
coming the  serious  trim,  stability,  control  hinge moment, and control 
effectiveness changes which occw  throughout  the complete speed  range 
from low subsonic t o  supersonic  speeds. The advantages  of  an  all-movable- 
type  control as compared t o  a flap-type  control have been known for  some 
time. Some of these advantages are noted in  reference 1. Previous work 
on all-movable  controls  such as that reported i n  references 2 t o  5 indi- 
cates  the  practicali ty of their  use on airplanes. Reference  4-concludes 
that, although an all-movable horizontal t a i l  would-be expected to   o f f e r  
-roved elevator-control  characteristics at high subsoxjic speeds as com- 
pared t o  a conventional  elevator  control, a power boost  system would s t i l l  
be  required a t  Mach numbers near  unity to  overcome the high stick forces 
result ing from rearward movement--of the t a i l  center of pressure.  Later 
work w i t h  an  all-movable horizontal tai l  reported in reference 5 indi- 
cates that, by using a mechanical  system which allows the  linked unbal- 
anchg  f lap  employed  on the t a i l  t o  serve  both  as a linked and servo  flap, 
satisfactory  control  characterist ics can be achieved i n  both rapid and 
steady maneuvers while maintaining  near-zero  values of - - ta i l  hinge-moment 
variation with deflection and angle of attack. Again, however, rearward 
movement of the t a i l  center of pressure and loss  of  servo flap effective- 
ness would resu l t  i n  high stick forces a t  sonic  speeds. 

" 

Recently, a somewhat different  type of all-movable horizontal t a i l  
has been  proposed  by the G r u m m ~ ~ n  Aircraft  Engineering Company (GAEC) fo r  
use i n  the transonic- and supersonic-speed raages. The proposed ta i l  is  
unique in tha t  it i s  free floating and u t i l i ze s  an aerodynamic-type servo 
for  positioning. The purpose of the t a i l  is, of course, t o  provide a 
longitudinal  stabilizing and control system which will have satisfactory 
handling  characteristics-  throughout  the  speed range  without  the use of 
any  mechanical power boost i n  the pi lot ' s   control  system. The p i lo t ' s  
control would be direct ly  connected t o   t h e  aerodynamic servo. The free- 
floating  horizontal t a i l  consists of a delta-surface  stabilizer having 
a linked  unbalancing  trailing-edge  flap. Mounted forwwd  of the s tab i l izer  
on a boom i s  a canard-type delta-surface  servoplane which acts &B the 
control  surface  in trimming the t a i l  t o  produce the desired l i f t .  The 
purpose of the l-ed f l a p  is  t o  allow the t a i l  t o  provide a s ta t ic -  
s tabi l i ty   contr ibut ion  to  a configuration on  which it might be employed. 

. -  

In this t a i l  design  an e f fo r t  has been made t o  take advantage of 
the rearwezd shift  in   center  of pressure of the  delka-surface  stabilizer 
and loss of effectiveness of the linked unbalancing f l ap  at transonic 
speeds. The rearward s h i f t  of the  stabil izer  center of pressure  counter- h 

acts   the loss i n  unbalancing flap  effectiveness so that  the  net  result 
w i l l  be a nearly  constant  value  of  the t a i l  hlnge-moment derivative due 

." 

. 
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t o  t a i l  deflection  throughout the spee.d range. Such .an arrangement would 
allow the use of a canard-type aerodynamic servo. 

Two rocket-model t e s t s  and low-speed wind-tunnel t e s t s  have been 
made to  determine  the hinge-moment, damping, l i f t ,  and trim character- 
i s t i c s  of this  proposed horizontal t a i l  and the effectiveness of the 
aerodynamic servo. The low-speed wind-tunnel tests were p r e l h l m r y  in  
nature and served t o  a l low closer  estimation  of  necessary  control-deflection 
limits and rocket-model  instrument  ranges. In  these tests the  free-floating 
horizontal t a i l  is mounted on the t i p  of a swept ver t ica l  ta i l .  This t a i l  
arrangement was  mounted on a cylindrical-body rocket-powered tes t   vehicle .  
Throughout the fllght tes t s ,  the canard  servoplane w a s  pulsed in a square- 
wave manner and the responses of the model and t a i l  were observed. In 
the wind-tunnel tests the trim t a i l  deflection was recorded  over a range 
of angle of attack f o r  various  settings of the servoplane. 

Figure 1 i s  a schematic drawing of the rocket-model  and free-floating 
horizontal t a i l  which is  presented  as an aid in defining  the  applicable 
symbols and the i r  sign convention. A l l  the coefficient and derivative 
data presented  in this paper are based on the s tabi l izer   area and mean 
aerodynamic chord and have the dimension per degree. Whenever a dot is 
used above a symbol, it denotes  differentiation with respect  to  time. 

a angle of attack, deg 

0 angle of pitch, deg 

Y flight-path  angle, deg 

6 horizontal-tail  deflection, deg 

6, servoplane  deflection, deg 

6f flap  deflection, deg 

E servoplane downwash angle, deg 

r 

f frequency,  cps 
e S stabil izer  area,   sq f t  
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stabilizer mean aerodyaamic  chord,  ft 

dynamic  pressure, Ib/sq ft 

velocity,  ft/sec 

Mach  number 

Reynolds number,  based on stabilizer  mean  aerodynamic  chord 

time to damp to one-half  amplitude,  sec 

mass, slugs 

moment of inertia  of  complete  model  about  pitch axis, slug- 
feet2 

moment of inertia of horizontal  tail  about  pivot axis, slug- 
feet2 " . .  . 

lift  coefficient 
*. 

lift  coefficient  at a, 6, and 6, = 0 

mdel pitching-moment  coefficient  about  model  center  of gravity 

mdel pitching-moment  coeff  icLent  at a, 6, and = 0 

hinge-moment  coefficient 

tail  hinge-moment  coefficient  at a, 6, and 8, = 0 

Lift derivatives : " 

Cr, rate  of  change of mdel lift  coefficient  with angle of  attack 
when tail  is  free 

rate  of  change  of  model  lift  coefficient  with,angle  of  attack 
when  tail is fixed 

cL6 

%c 

rate of change of mdel lift  coefficient  vith'tail  deflection 
when  flap is linked 

L 

rate  of  change  of  model  lift  coefficient  with  servoplane 
deflection - 

y_ 
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chf 
ra te  of change of t a i l  lift coefficient with flap deflection 

rate of change of fuselage lift Coefficient with angle of 
attack 

r a t e  of change of  t a i l  lift coefficient with angle of attack 

(cLt)a 
ra te  of change of t a i l  lFft coefficient with t a i l  deflection 

when flap is fixed 

ra te  of  change o f - t a i l  l i f t  coefficient due to   s tab i l fzer  
with t a i l  deflection when f lap  i s  fixed 

( cLc) 6 ra te  of change of tail UTt  coefficient due to servoplane 
with t a i l  deflection 

ra te  of change of t a i l  l i f t  coefficient due t o  servoplane 
w i t h  servoplane  deflection 

Pitching-moment derivatives : 

cmct' rate of change of mde l  pftching-moment coefficient with 
angle of attack when t a i l  is fixed 

cms r a t e  of change of  mdel pitching-moment coefficient with 
t a i l  deflect  ion 

c% ra t e  of change of model pitching-moment coefficient w i t h  
servoplane  deflection 

cmdL ra te  of  change of model pitching-moment coefficient  with 

ra te  of change of angle of  attack, 
h a c  
" 

2v 
rate of change of model pitching-moment coefficient with 

rate  of change of angle of pitch, ac, 
6 E  a -  2v 

Hinge-moment derivatives : - 

'ha rate of change of t a i l  hinge-moment Coefficient with angle 
of attack - - .. 
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rate of  change of t a i l  hinge-moment coefficient w i t h  t a i l  
deflection 

rate of change of tail hinge-moment coefficient with servo- 
plane  deflection 

rate of change of ta i l  hinge-moment coefficient w i t h  f lap 
deflection 

r a t e  of change of t a i l  hinge-moment coefficient due t o  stabi- 
l i z e r  w i t h  angle of attack when f l ap  is fixed 

rate of c b g e  of t a l l  hinge-naoment coefficient due t o  servo- 
plane  with angle of attack 

rate of change of t a i l  hinge-moment coefficient due t o  flap 
hinge moments with  angle of attack 

rate of change of t a i l  we-moment  coefficient due t o  servo- 
plane  with t a i l  deflection 

rate of change of t a i l  hinge-moment coefficient due t o  seryo- 
plane with servoplane  deflection 

rate of change of t a i l  hinge-moment coefficient due t o  f l ap  
lift forces  with  flap  deflection 

rate of change .of tail hinge-pmoment coefficient due t o  f l ap  
h u e  moments with flap  deflection 

r a t e  of change of ta i l  hinge-mment coefficient  with  rate of 

change of angle of pitch, ?% 
2v a -  6 E  

rate of change of t a i l  -e-moment coefficient with r a t e  of 

change of-angle  of  attack, - &h 
GE 
m a -  

r a t e  of change of tail hac-moment coefficient  with rate of 

change of t a i l  deflection, - ach 
8c’ a -  
2v 

c 
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Slibscripts : 

b fuselage 

C servoplane 

f f lap 

S s tab i l izer  

t horizontal t a i l  

MODEIS, INSTRlMWTATION, AND TESTS 

Rocket Models 

Confi mation.- A drawing of the complete tes t   vehicle  i s  shown in 
f i g u r e d e t a i l  drawing of  the  horizontal tail unit  is shown in 
figure  2(b) . Figure 2( c) is a de ta i l  drawing of the horizontal t a i l  and 
vert ical   f in   intersect ion.  Two models  were flight tested.  The second 
model was identical  t o  the first model except fo r  a body boat ta i l   fa i r -  
which was added t o  the second m o d e l .  Figure  2(d) shows a detail drawing 
of this fairing. Photographs of the complete model are shown i n  figure 3 .  

The models consisted of a  standard NACA rocket-model research  vehicle 
wbich was modified t o  accommodate the proposed horizontal and ver t ical  
tail arrangement. The body nose ordinates may be found i n  reference 6 .  
In  order t o  balance  the model and t o  insure minimum l a t e r a l  motion, a 
ventral   f in   ident ical  t o  the main ver t ica l  t a i l  was added to  the configu- 
ration. A t  t he   t i p  of this ventral fin was located a lead  "t ip tank" 
which served as a balancing ballast weight. The main ver t ica l  t a i l  and 
the  horizontal t a i l  were machined magnesium castings, and the  ventral fin 
was constructed of laminated wood with metal  inserts. The geometric 
characteristics of the horizontal and v e r t i c a l   t a i l s  are l i s t e d  in  table I. 

The horizontal-tail  unit is mounted on a roller-bear- pivot at 
the   t ip  of t he   ve r t i ca l   t a i l  and within  fixed limits i s  free  f loating 
about this  pivot  axis. A constant-chord  flap on the stabi l izer  i s  linked 
in a 1:l r a t i o  through the pivot  axis and functions as a leading  or unba3- 
ac ing   t ab .  The servoplane, mounted forward of the  s tabi l izer  on a boom, 
is actuated by means of a pneumatic  servomotor contained  within the boom. 
Flexible a i r  lfnes which offer no res t ra in t  t o  the stabil izer  are provided 
through  the  pivot axis. A l l  other components of the pneumatic  system are 
contained  within the body. Figure 4 is  a top-view  photograph of  the hori- 
zontal t a i l  with the boom hatch cover removed and shows the component parts 
of the  horizontal t a i l  and the  servoplane pulsing motor. 
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Throughout the remainder  of this report  the f i r s t  model w i l l  be 
referred  to  as Model A and the second as model B. Table I1 is a l is t  
of the mass characterist ics of the two models. 

Instrumentation.- Models A and B contained  seven-channel  telemeters 
transmitting measurements of normal and longitudinal  acceleration, angle 
of attack,  total  pressure, a reference  static  pressure,   stabil izer  deflec- 
tion, and servoplane  deflection. Angle of-at tack was measured by a vane- 
type  instrument  located on the nose of  the model ( f ig .  2( a) ) . In order 
t o  extend  the  positive  angle-of-attack r age  of the  instrument, the 
momting s t ing  was deflected down 5O w i t h  respect  to  the model center 
line. Total  pressure w a s  measured by a sma l l  pressure probe  extending 
from the side of the body ( f ig .  2( a) ) , and stat ic   pressure w a s  measured 
through an or i f ice  Fn the body skin at a point on the cylindrical  por- 
t ion  of the body near  the ogive nose section.  Longitudinal and normal 
accelerometers were placed  in the leading edge of the dummy fin at the 
f in   roo t  which was near the model center of gravity. Stabi l izer  and 
servoplane  deflection8 were measured by control-position  pickups mounted 
i n  the f in  and horizontal-tail  boom, respectively. 

CW Doppler radar and tracking radax units were used for  obtaining 
additional data on  model velocity and flight path. Atmospheric conditions 
were determined by radiosonde  observations made short ly   af ter  each flight. c 

Fixed and manually operated  motion-picture cameras  were used to photograph 
the  launching and flight of each nmdel. 

c 

Tests.- The models  were boosted to  a Mach  number of  1.15 by 6-inch 
ABL Deacon rocket motors, and approximately 11 seconds after  booster 

separation the 3-inch Cordite  sustainer  rocket motors were intended t o  
f i re  and increase  the speed t o  a maximum value of M = 1.4.-  The sustainer 
motor ign i tor   c i rcu i t s   in   mdel  A malfunctioned,  and the suetainer motor 
did no t   f i r e  until 27 seconds after booster  separation. Thus, the maxi- 
mum Mach  number reached by the model was only M = 1.2. Model B performed 
as intended and reached a maxFmum Mach  number of 1.46. The models w e r e  
launched at angles of approximately 43O from the  horizontal by means of 
a crutch-type launcher. Figure 5 is a photograph of model B in  combina- 
t ion  with i t s  booster  rocket mounted on the launching  -platform. In  order 
to  simplify the launching arrangement, the models were rol led 90' when 
mounted on the launcher.  Flight  tests o f  these models were .conducted 
at the Langley Pilotless  Aircraft  Research Station a t  Wallope Island, Va. 

2 

Data on the  characterist ics of these models w e r e  obtained during 
the coasting  parts of the flights following  booster  separation and 
sustainer burnout. The CW Doppler radar unit obtained  velocity  data on 
each model during and immediately af ter   the  boosted  portion of the flights 
but failed to   yield  re l iable   data   af ter  this time. The tracking radar 
obtained  flight-path data for-  both models throughout the  ent i re  flight. 
Mach numbers and dynamic pressures were, therefore, determined for  both - . 

". 
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models from the  telemetered.total and static  pressures.   Static  pressure 
as determined by combining the tracking radar and radiosonde observa- 
tions was used  as a check on the  telemeter  data. The measured angle- 
of-attack and accelerometer  data were corrected t o  angles and accelera- 
tions at the model centers of gravity. The approximate range of Reynolds 
numbers (based on the  stabil izer mean aerodynamic chord)  obtained  during 
the flights is  shown in figure 6 as a function of Mach number. A l l  the 
coefficients and derivatives  presented in  this paper are based on the 
s tabi l izer  area and mean aerodynamic  chord. 

The method of conducting these  mcket-mdel  tests was to  pulse  the 
servoplane in an approximate square-wave manner a t  a r a t e  of one pulse 
every 1/2 second. The pulse  rate was controlled by a motor-driven 
sequence valve. Set-screw-type stops were provided t o  limit the  servo- 
plane  deflection on each model. On model A these  stops were s e t  at lo 
and -20, and  on m d e l  B the  stops were s e t  at Oo and -3.7'. Design of 
the  vertical- and horizontal-tail  intersection l h i t e d  the  deflection 
range of the free-floating  horizontal t a i l  t o  2' and -5O. From the 
transient   osciIht ions of the ta i l  after a pulse of the  servoplane,  the 
t a i l  damping, hinge moments, and l i f t  were determined.  Servoplane  effec- 
tiveness w a s  determined ffom the change i n  trim of  the t a i l  after a pulse 
of the  servoplane. Ln these tes ts   the  aerodynamic characteristics of the 
complete model are of minor importance, and the  natural  pitch  frequency 
of  the models was of the sme  order of magni,tude as the  servoplane  pulse 
frequency. Consequently, the pitch  oscil lations of the models through- 
out  these  tests a r e  random and have no significance  as t o  the horizontal- 
ta i l   effect iveness ,  model s tab i l i ty ,   o r  model damping. The f loa t ing  char- 
acter is t ics  of the free-floating t a i l  as  the model changes angle of attack, 
however, are  significant of the tail trim characteristics and the rela- 
t ionship between the t a i l  hinge moments due t o  angle of attack and those 
due t o  ta i l   def lec t ion .  

Throughout the flight of model A the model oscil lated  generally Fn 
the low angle-of-attack  range from -5' t o  5O, being more 3 n  the negative 
range a t  low speeds and more i n  the positive range at high  speeds. In 
the  transonic-speed  range  the t a i l  elrperienced a trim change which, in 
conjunction with an increased  floating tendency, resulted in t h e   t a i l  
ei ther  str iking o r  remaining at i ts  positive  deflection limit f o r  a k g e  
portion of the time at high speeds. This was particularly  true at the 
lo servoplane  position. Thw, the  transient  oscil lations of the ta i l  
were invalidated in  many cases, and the amount of high-speed data obtained 
from the   t es t  was limited. Data presented in reference 6 indicate that 
a body boa t t a i l  may influence the local flow over a horizontal t a i l  mounted 
above the body. In  order to  eliminate any possible  effect of the body 
boat ta i l  on the trim chwacteristFcs of the horizontal. t a i l  of model B, 
a fairing was added t o  the body (fig.   2(d) ) which extended  the  cylhdzical 
section of the body to   the trailing edge of the hor izonta l   t a i l .  



Throughout the flight of m d e l  €3 the model oscil lated  generally  in 
the angle-of-attack  range from Oo t o  loo as was intended by increasing - 
the  negative  deflection  range of the  servoplane  over that of model A. 
AB i n  the case of model A, the trim changes and increased  floating  tend- 
ency  of the horizontal t a i l  resu l ted   in  the ta i l  being on i t s  stop  for 
a large  portion of the time at high  tramonic  speed. However, in the 
test of model B the t a i l  was on i t s  negative  stop  rather  than on the 
positive  stop a~ on model A. Consequently, the amount of high-speed 
data obtained a t  the - 3 . 7 O  servoplane  deflection on m o d e l  B w a s  limited. 

Wind-Tunnel  Model 

Figure 7 is a drawing showing the general mangement of the wind- 
tunnel model, and figure 8 shows photographs  of the model m u t e d  in the 
Langley stabil i ty  tunnel.  In order t o   f a c i l i t a t e  the wind-tunnel tests, 
rocket m o d e l  A was modified for- . instal la t ion  in  the w i n d  tunnel and no 
special  model was necessary. Model A was modified by removing the fuse- 
lage power supply  section and by removing the dummy ve r t i ca l   f i n .  
Removing the fuselage power supply  section  shortened the fuselage nose 
sufficiently  to  prevent the nose of the model from striking  the  tunnel 
cei l ing at-high angles  of attack. The model w a s  mounted  on the wind- 
tunnel support strut a t . t he  dummy f i n  fitting. As may be seen in  the 
photographs of figure 8, an extension  tube was attached  to the rear  of 
the body and a connecting link projected through the  tunnel  ceiling. 
This setup was  used to  change the angle of attack of the model during 
the wind-tunnel tests since it w a s  not  possible  to use the wind-tunnel 
angle-of-attack  system. A control  position pickup was in s t a l l ed   i n  the 
v e r t i c a l   f i n   t o  measure the deflection  angles of the  free-floating  hori- 
zontal tail,  and set-screws were provided to  adjust   the  posit ion of the 
servoplane. --. 

L 

Two series of  wind-tunnel tests were made in the Langley s t ab i l i t y  
tunnel, one u t i l i z ing  the original  horizontal-tail  configuration and the  
other  uti l izing a servoplane which was ident ical   to  the or iginal  con- 
figuration in plan form but having only  80 percent of the  area of the 
original  servoplane.  Figure 9 i s  a de t a i l  drawing of the  original and 
small servoplanes. The purpose of these wind-tunnel tests was t o  obtain 
an indication of servoplane  effectiveness,  horizontal-tail trim, and 
t a i l  floating  characterist ics which could be used i n  determining satis- 
factory  servoplane  deflect-ion limits and instrumentation limits for   the 
rocket-model tests. The wind-tunnel tests were made at a  dynamic pres- 
sure of 65 pounds per square foot which corresponded t o  a Mach  number 
of 0.2 ELnd a Reynolds number of 1.7 X 106 (based on the s tabi l izer  mean 
aerodynamic chord) . - 

I n  each of these two series of tes t s   the  trim position of the  free- 
f loat ing t a i l  w&s measured as  the  angle  of  attack of the. model and the 
deflection of the servoplane were varied. The range of the  servoplane 
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sett ings was from -6O t o  6O, and the  angle-of-attack  range m s  f r o m  -loo 
t o  20°. A6 in the  case of the rocket models the deflection range of the 
hor izonta l   t a i l  w a s  limited t o  -5O and 20. Additional tests were made 
with the servoplane removed. No corrections have been applied t o  the 
data obtained f m m  these tests. 

METHOD OF ANALYSIS 

Derivation of Equations of Motion 

All-movable-type control systems are  not new.  However, the  control 
system discussed in  this paper is unconventional in that it employs a 
freely  f loating  stabil izer  posit ioned by a canard-type  aerodynamic servo- 
plane. The free-floating  stabil izer i s  he ld   in   par t ia l  restraint by the 
aerodynamic moments produced  by a l inked trailing-edge  flap. The unique 
character of thie.contro1  necessitates the derivation of unconventional 
equations of motion for  analysis of the control system  even though only 
fundamental aerodynamic principles are involved. In-order t o  convey a 
more complete understanding of this control system  and I t s  components, 
as w e l l  as the significance of the data presented in th i s  paper, simpli- 
fied  equations of motion fo r  the system w i l l  be discussed  here. Gener- 
a l ized  equations of motion which m i g h t  be applied t o  this control s y s t e m  
may be fomd in  reference 7. 

model 
%hree 

By assmning a three-degree-of-freedom  system involving deflection 
of the  free-floating  horizontal t a i l  (pitching motion of the tai l  about 
the t a i l  pivot axis), pitching motion of the complete model about  the 

center of gravity, and angle of a t tack  of the complete model, the 
simplified  equations of motion are &s f o l l w s :  

c In  these  equations  the terms resulting f r o m  the  effects of apparent mass, 
body downwash, and the hinge-monbznt terms result ing from ta i l  displace- 
ment from the model center of gravity have been neglected. me tail is - - 
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assumed to be mass-balanced about the pivot axis and the  .linked flap i s  
assumed t o  be mass-balanced about i t s  hinge l ine.  The terms which  would 
result from the   fac t  that the linked f lap is not-  dynamically  balanced 
about the t a i l  pivot  axis have also been  neglected. 

I 

Equation (l), which represents a summation of the hinge moments 
acting on the horizontal t a i l  about- t he   t a i l   p ivo tax i s ,  is the  equation 
of leas t   fami l ia r i ty  and of  primary importance in this   report .  Equa- 
t ions  (2) and (3)  represent  the  pitching moments and lift forces,  respec- 
tively, of the complete configuration and me of secondary  importance in  
th i s  paper. The  moment and l i f t  derivatives  appearing i n  these equa- 
t ions  are  complex in  nature and a detailed analysis of these  derivatives 
is necessary. 

The pivot  axis of the  horizontal-tail  unit is located ahead of the 
t a i l  aeroaynamic center.  Therefore,  the %ail uni t  is stable  with  respect 
t o  angle  of  attack and would, i f  unrestrained,  maintain a. constant  angle 
of attack to  the  re la t ive wind. I n  such a case  the t a i l  uni t  would pro- 
vide a trimming moment but--would be incapable of prodding a s t ab i l i t y  
o r  damping contribution  to an airplane  configuration on which it might 
be employed if  f r ic t ion  and mass effects  are  neglected. The res t ra in t  
necessary t o   r e a l i z e  an airplane  s tabi l i ty  and damping contribution of 
the t a i l  i s  obtained by use  of the linked trailing-edge  flap which i n  
the subject system is  linked in a 1:l r a t i o  a8 a leading  or  unbalancing 
flap . . ... 

The control moment necessary to   def lec t   the  t a i l  f'rh i t s  floating 
position t o  a desired trim deflection is obtained by deflecting the 
servoplme. The Wclm-nt required  to  deflect  the  servoplane is in  no  way 
associated w i t h  the moment required to  deflect  the  complete-tail  unit 
since  the  servoplane  actuating system is routed  through  the  pivot axis 
i n  such a manner tha t  no moment -1s transmitted t o  the t a i l  uni t .   In  
the  present tests, the moment required  to  deflect  the servoplane  has  not 
been considered. 

Hinge-moment derivatives.- Under all trim conditions  the tau unit  
must be iiaerodynamic  equilibrium and the summation of hinge moments 
about  the  pivot axis is zero. For this case  equation (1) becomes I 

For conatant  values .of a, equation (4) may be differentiated with respect 
t o  6, to  obtain  the  following  relationship: 



which simply shows that the servoplase  effectiveness,  expressed as d6/aC,  
in deflecting  the t a i l   u n i t  i s  directly  proportional t o  the t a i l  hinge- 
moment derivative about the pivot axis due t o  servoplane  deflection and 
inversely  proportional to the hinge-moment derivative due t o  t a i l  deflec- 
t ion.  The hinge-moment derivative  represents  the sum of the  hinge 

moments about the pivot  axis due to   the l i f t  force produced  by deflecting 
the  servoplke and the  hinge moments resulting from servoplane downwash 
effects on the  stabil izer and linked  flap. Thus 

“c 

Again in equation (4) for  constant  vdues of 6c differentiation 
with respect t o  a yields  the  relationship 

The term aS/& is indicative of the t a i l  floating  characteristics as 
angle of attack- i s  changed and is  also a measme of the t a i l  contribu- 
t ion   to   a i rp lane   s tab i l i ty  and damping. A zero  value of as/& indicates 
that the t a i l  is functioning just as a fixed tail, while  negative  values 
indicate  that  the t a i l  tends to   f l oa t   i n to  the wind and positive  values 
against  ‘the wind. Thus, a value of -1 would indicate a completely free 
f loa t ing   t a i l  which would make no contribution t o  a i rplane  s tabi l i ty  and 
damping. A s  indicated in equation (7 ) ,  dB/& is directly  proportional 
to  the t a i l  hinge-moment derivative due t o  angle of attack and inversely 
proportional  to  the hinge-moment derivative due t o  t a i l  deflection. The 
hinge-moment derivative C b  represents  the t a i l  hinge moments due t o  
angle of attack and consists  of  the  hinge moments resulting f r o m  the 
servoplane l i f t  force,  the stabil izer lift force, and the linked  f lap 
hinge-moment about  the flap hinge line. Therefore, 

- 
.. 

In eqwtion (8) the hinge moments produced by the s tabi l izer  and f lap 
are, of cowse,  affected by the servoplane downwash angle as indicated. 
For all pract ical  purposes the  derivative (Chc)a in equation (8) is 

equivalent  to  the  derivative 

difference in servoplane lift result ing from t a i l  angle of attack 
(“.c> 6 C  

in  equation ( 6 )  because the only  

- - 



14 - NACA RM L53I28a 

and that due t o  servoplane  deflection i s  the difference  in the interfer-  
ence effect  between the  servoplane and t a i l  boom in the two cases. Thie 
difference i n  interference  effects is believed to be negligible. Simi- 
la r ly  the  servoplane downwash factors, de/- in  equation (8) and 
dc/dbc i n  equation ( 6 ) ,  may be considered  equivalent. 

Insofar as the aerodynamic forces and moments on the t a i l  are con- 
cerned there i s  no difference between the  effects  of  angle of attack and 
of t a i l  deflection with the  exception of the linked f l ap  and the  inter-  
ference  effects of the ver t ica l  ta i l .  Throughout this analysis  the  inter- 
ference  effects  of the v e r t i c a l   t a i l  on the  horizontal t a i l  will be neg- 
lected.  Therefore, the hinge-moment derivative C b  may be expressed 
as 

The hinge-moment derivative due t o  flap deflection C represents  the 

sum of the hinge moments about  the  pivot axis result ing from the  f lap 
l i f t  force and from.the f l a p  hinge moment about the flap hinge l ine.  
Consequently, the derivative may be expressed as 

hbf 

cbf 

c%f = (Cbn)6y + 

Since all the s t a t i c  hinge-moment derivatives which occur i n  equa- 
t ion  (1) have been considered, the dynamic derivatives w i l l  now be dis- 
cussed.  Since  the  control system discussed  here is  free-floating, the 
dampbg chazacteristics of the tail are of vital importance; The t a i l  
damping moments arise from two sources which q e  the lag in,downwash on 
the t a i l  and the rotary motion of the ta i l .  The t a i l ’ ang le  -of attack is  
equal to a + 6, and the  rate  of change of the t a i l  angle of attack is 
equal to  d + 6. Therefore, the tail damping moment ar is ing from the 
lag in downwash on the t a i l  may be expressed, as in equation (1) , by 

Similarly,  the  rotary motion of the t a i l  i s  equal..to 6 + 6 and the 
t a l l  damping moment due t o  r o t a r y  motion may be expressed, as i n  equa- 
t ion  (1) , by 



The derivative CG as used i n  the rotary damping expression is  assumed 

t o  be equivalent t o  the  derivative CG since, as previously assumed, 
the  interference  effect of the vertical t a i l  on the horizontal tail has 
been neglected. This same circumstance exists in ;he previous  case where 
the  derivative is used i n  conjunction  with 6. 

Pitching-moment derivatives.- The nature of the  present  hvestiga- 
t i o n   i s  such tha t  no pitching-moment data were obtained, and the  pitching- 
moment derivatives w i l l  not  be  analyzed  here. Pitching-moment data on 
the  configuration  of  these tests would not be of any particular impor- 
tance. It should perhaps be pointed out  that  the primary contribution 
of the t a i l  to  configuration  pitching moment arises from the tail l i f t ,  
but  there i s  also a small  contribution o f  the  linked  flap which is inde- 
pendent of  t a i l  lift. The f lap hinge moment i s  transferred  to  the con- 
figuration  through the f lap  linkage 88 a pitching moment. 

L i f t  derivatives.-  Equation (3),  w h i c h  represents a summation 
of the l i f t  forces  acting on the complete configuration,  contains a t  
leas t  one term which requires  detailed  explanation. This term, Q', 
wfiich is the lift derivative due to  angle of attack when the tai l  is  
considered fixed, differs  in  the  present  case frOm the  conventional lift 
derivative C b  in that the t a i l  i s  normally free f loat ing w i t h  controls 

f k e d .  I n  a conventional  control system 6 is flxed when the s t i c k  is  
fixed; however, i n  the present system, fixing the stick o n l y  fixes the 
servoplane and does not f ix 6. Therefore, 

where the t a i l  lift derivative , on the  basis of the  previously 

stated fin-interference assumption, i s  assumed to be equivalent t o  the 
derivative (%)$ and 

" 

I n  defining CL,, the convehtfonal lift derivative,  as it is applied 
in  the  present  case, the floating characteristics (or the  ratio of the 
tail hinge-moment derivative due t o  angle of attack to  t h e   t a i l  hinge- 
moment derivative due to   t a i l   def lec t ion)  of the ta i l  must be considered. 
The derivative Cr, represents the sum of the Ilft force due t o  angle 
of attack of the  fuselage,  the l i f t  force due to angle of attack of the 



ta i l ,  and the l i f t  force due t o  t a i l  deflection which is induced by angle 
of attack. Therefore, C h  may be expressed as - 

Substituting  equation (U) into equation (13) resul ts  i n  

c & = c j & ' + - %  d8 
da 

If the  floating  characteristice of  the t a i l  m e  assumed t&be  such that 
aS/dct is a negative  quantity,  then it can be seen  that  the  value of 
C b  is  l e s s  than the  value of Ck'. With the  su5ject  control system 
the  derivative C b  is equivalent to the  derivative C!k of a configu- 
ra t ion havfng a conventional  control system with s t ick   f ree .  

The term as appearing i n  equations (3) and (13) is the l i f t  deriv- 
a t ive due to  tail deflection and may be expressed as the sum of the l i f t  
derivatives due to  the  servoplane,  stabilizer, and flap.  Thus, 

Substituting  equation ( 1 2 )  tnto  equation (15) resu l t s  in 

is assumed equivalent to ( C L ~ ) ~  as preeously stated. 

The term CL appearing in  equation (3) is  the lift. d e r i n t i v e  

due t o  servoplane  deflection and represents  the sum of the lift force 
produced by deflecting  the  servoplane and the l i f t  force  resulting from 
eervoplane downwash on the s tab i l izer .  Therefore, 

6C 
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Reduction of D a t a  

17 . 

. 
Rocket-model t e s t s  .- As previously  discussed,  the method of con- 

ducting  the rocket-model tests was  to  pulse  the servoplane i n  a square- 
wave  manner and t o  observe the  response of the  free-floating t a i l  and 
model. The mass and aerodynamic stabil i ty  relationship between the com- 
plete model and the fkee-floating t a i l  was such that a complete transient 
response of the model w a s  not  obtained  during one servoplane  pulse inter- 
val; however, a  complete transient  response of the   f ree- f loa t ing   ta i l  
w a s  obtained. From the t a i l  transient  response thus obtained, .the fre- 
quency of oscil lation of the t a i l  was  determined, and the t a i l  hinge- 
moment derivative % was computed by using  the following relationship: 

The above relationship  neglects  the  effect of tail-damping mments because 
in  the  present system the  damping moments are  quite s m a l l  and do not have 
a n  appreciable  effect on the C b  values computed. . 

Values of the tail damping derivatives ChG + % were determined 
by fairing a -in@; envelope  about the t a i l  transient  oscil lations,  
measuring the time required  for  the  oscil lation t o  damp t o  one-haU ampli- 
tude, and subs t i tu tbg   the  time  so measured fnto the following relation- 
ship : 

The above relationship is  based on the assumption that the free-floating 
t a i l  has  only one degree of freedom which i s  rotation about i t s  hinge 
axis. I n  the present  tests the r a t e  of change of angle of attack and 
angle of pitch of the model i s  quite small and may be  considered  negli- 
gible when compared with  the rate of change of t a i l  deflection. 

Servoplane effectiveness i n  changing the trim  deflection of the 
horizontal t a i l   u n i t  i s  represented  by va lues  of B/ASC. Values of d6 
are determined  by fairing a mean l ine  through the t a i l   t r a n s i e n t  oscil- 
l a t ions  and by cross-plotting  the trim t a i l  deflection so determined 
against a. Then, a t  constant  values of a the change in t a i l  trim 

. deflection-due t o  a change i n  servoplane  deflection can be determined. - - 



Figure 10 shows  typical  plots  of  tail  deflection  against  angle  of  attack. 
These  plots  show a hysteresis  effect o r  phase  difference  between  tail d 

deflection  and  angle of attack.  This  phase  difference  arises  from  the 
incompatibility  of  the  frequency-response  characteristics  of  the  model 
and  the  free-floating  tail, as well  as  from  the  fact  that  the  tail was 
not  dynamically  balanced  about  the  model  center  of  gravity;  however,  it 
does  not  cause any serious  difficulty in reducing  the  desired informa- 
tion  since a mean  line  can  be  faired  rather  simply  through  the  hysteresis 
loop. " 

From  plots similar to  those  shown in figure 10 the slope of 6 
against a can  be  measured.  The  dS/du  values so determined  represent 
the  floating  characteristics of the  free-floating  tail as angle of attack 
is  changed  and,  as  shown  by  equation (7) of  the  preceding  section, are 
proportional  to  the  ratio  of C k  to  ch  It  should be noted  that  the 
term ds/da, as considered in this  paper  does  not  in any way represent 
the  effectiveness of the  tail in changing the  angle of attack of the 
complete  model. 

6 '  

.. 
. .  

After.  values of  and CN are  obtained,  values  of 
may  be  computed  by  use of equation (7) . By equation ( 9 )  , values may 
a l so  be  computed  for . In the  present  tests  the  value  of  the  flap " 

linkage  ratio  is r = 1, Values of the  servoplane  effectiveness  as  deter- 
mined  by B/A& may be  considered  equivalent  to  d6/d6c  if nonline- 
arities  are  neglected.  In  the  present  tests,  the  values of Bc are 
small and,  consequently,  the  effects of nonlinearities  would  be  expected 
to  be s m a l l .  Therefore,  if B/Bc is  assumed  equivalent  to  dS/aSc, 
by equation ( 5 ) ,  values may be  computed for Chc. Thui, by either 
directly or indirectly  measuring Cb, and E6/Ec, the  quantities 
Cb, chgc,  and C b  may be  computed. 

cha. 

chf 

f 

The  lift  derivatives C k ,  Q', and C L ~  were  determined  by 
measuring  the  slope of cross  plots of the  variation  of :CL with a 
or 6. In the  Mach  number  ranges  where  it was not  possible to determine 
directly values for  each  of  the  three  lift  derivatives,  equation (14) was 
used  to  compute  values  for any one  of  the  three  derivatives  where  values 
for  the  other  two  could  be  measured. 

Wind-tunnel  tests.-  Figure ll presents  the 6 agawst OL data 
obtained  from  wind-tunnel  tests of the  original  configuration  and  is 
similar to the  data  obtained  from  tests  of  the sma l l  servoplane.  These 
data  were  cross-plotted  and  the  slopes  of  the cross plots  were  measured 
to obtain  dS/d&  data.  Data on dS/da.  were  obtalned  by  measuring  the 
slopes of the  curves in figure I". - - 



RESULTS AMD DISCUSSION 

Servoplane  Effectiveness 

Wind-tunnel  tests.-  Figures 12 and 13 present  servoplane  effective- 
ness  data obtaked from  the  low-speed  wind-tunnel  tests in the form of 
the miation of  servoplane  effectiveness  with  servoplane  deflection  end 
with angle of  attack  for  both  the  original  and small servoplanes.  The 
data  for  the  original  configuration  show  increasing  effectiveness  at 
positive  angles  of  attack as the  servoplane  deflection  changes in the 
positive  direction  and show fncreasing  effectiveness  at  positive  deflec- 
tions  as  angle of attack  is  increased.  At  an  angle of attack of Oo, 

servoplane  effectiveness is constant  at a value  of -= 0.22 over  the 

servoplane-deflection  range  of  these  tests.  Inspection of the  data  shown 
in figure U. indicates  that a primary  contributbg  factor  to  the  nonline-- 
arities in servoplane  effectiveness  is  the -e in floating  character- 
istics of the  free-floating  tall  as  angle of attack  is  increased.  At 
any constant  servoplane  deflection  the  tendency of the  tail  to  float  into 
the  wind  decreases  as  angle of attack  increases.  Consequently,  at  high 
angles  of  attack,  servoplane  effectiveness  could  be  expected to Increase. 

as 
36, 

The  effectiveness  data  for  the small  servoplane  show  trends some- 
what  different  from  those  of  the  original  servoplane.  At  constant  angles 
of attack  the  effectiveness of the small servoplane  increases a s  the 
servoplane  deflection  changes in the  negative  direction;  however,  at 
constant  servoplane  deflection,  the  effectiveness again increases  with 
increasing  angle  of  attack. As with  the  original  servoplane,  the  tend- 
ency of the  free-floating  tail  to  float lnto the wind decreases  with 
increasing  angle of attack  and  results in increased  servoplane  effective- 
ness  at  high angles of attack.  The  angle-of-attack  range  over  which  the 
free-floating  tail  maintains a comparatively  constant  floating  tendency 
is greater  with  the small servoplane  than  with  the  original  servoplane, 
and the  floating  tendency  is, of cowse, greater  with  the small servo- 
plane  since  decreasing  the  servoplane mea decreases  the  aerodynamic 
balance of the  tail.  The  effectiveness of the small servoplane  is only 
68'percent  of  the  effectiveness of the  original  servoplane  at an angle 
of  attack of OO and a servoplane  deflection of 00; however,  at angk 
of  attack  of loo and a deflection of -40 the small  servoplane  is 89 per- 
cent  as  effective  as  the  original  servoplane.  Consequently,  these  data 
indicate  that  the  servoplane  downwash  effects are appreciable,  particu- 
larly at  high  angles  of  attack  where a decrease in servoplane  area to 
approximately 80 percent of the  original  does not result in a propor- 
tionate  decrease in servoplane  effectiveness. 
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Rocketadel tests.-  Figure 14 presents  servoplane-effectiveness 
data  obtained  from  the  two  rocket-model  tests.  These  data  are  presented 
in  the  form of the  ratio of change  in  tail  deflection to the  incremental 
change  in  servoplane  deflection  against Mach number  and  show  that  there 
are no abrupt changes in effectiveness a8 Mach number  is  increased  up 
to M = 1.2. At an angle of attack of Oo servoplane  effectiveness  is 
practically  constant  at a value of L!&/dBc of 0 .!27 up  to M = 0.95 but 
decreases gradually as Mach  number is increased f r o m  0.95 to 1.1. At 
an angle  of  attack of 5O the  effectiveness is greater  than  at an angle 
of attack of Oo and increases from M = 0.95 to a peak  at M = 1.0 and 
then  decreases gradually as Mach  number  increases to 1.15. The loss in 
effectiveness  as Mach number  Increases  does  not  exceed 27 percent of the 
eubsonic  values.  These  rocket-model data are in good  agreement  with  the 
wind-tumel data  when  the  fact  that  incremental values of servoplane 
deflection m e  used  to  obtain  the  rocket  model  data and the  fact  that 
the  wind-tunnel  tests  indicate  large  variations in effectiveness  wit4 
servoplane  deflection  are  considered.  The  increased  effectiveness  at 
an angle of attack  of 5O is also in agreement  with  wind-tunnel  tests  for 
the  servoplane-deflection  range  used on model A (6, = 1' to -20) . m e  
effectiveness  data  obtained  from model €3 were  lfmited  to  subsonic  speeds 
and angles of attack  between Oo and 50. The data from  model B are in 
reasonable  agreement  with  model A since  the  wind-tunnel  tests  show  that 
at  more  negative  servoplane  deflections  the  differences in effectiveness 
between  angles  of  attack of Oo and 5° are small, and  the  servoplane  deflec- 
tion  range used on model B was  sC = Oo to - 3 . p .  

I 

- 

Tail-Floating  Characteristics 

Mach  number  effect .- Figures 15 and 16 present  tail-floating  char- 
acteristics  data in the form of the  variation of ds/& with Mach nun- 
ber as obtained  from  rocket-model  tests.  Figure  15  showa  data  at  con- 
stant  angles of attack for  one  servoplane  position on each  model,  and 
figure 16 shows  data  at  each  servoplane  position on both models at  two 
angles of attack.  These  data  show  that  at constat m g l e s  of attack and 
servoplane  deflections  the  values  of d8/da are  fairly  constant  with 
Mach  number  at  subsonic  speeda; however, at M FJ 0.96 the  values  dip 
sharply to a bucket. As Mach nmber increases  above M FJ 0.96, dB/& 
increases.  rapidly  to a peak  at-approximately M = 1.2 and  decreases 
gradually as Mach number  further  Fncreases  to 1.46 which is the  highest 
Mach ndber reached in these  tests. 

These aS/du data  are  comparable with the  conventional  control 
parameter C@&; however, in the  present  control  system  the  derivatives 
Chs and C~C,, are  not  directly  related  to  the  pilot's  stick  forces as 
with a conventional  control  system  but are indicative of the  floating 



. 

tendency o r  aerodynamic balance of the  free-floating tail about i ts  pivot 
axis.  I n  this  control system the   p i lo t ' s  stick forces  arise from the 
servoplane only and not f r o m  the complete horizontal ta i l .  When consid- 
ered in  th i s  m e r ,  the  significance of values of dS/da is  that low 
negative  values  indicate that the t a i l  has only a slight tendency t o  
f loat   in to   the wind.  Consequently, at subsonic  speeds where values of 
d8ld.a are low, this f'ree-floating t a i l  tends t o  act as a fixed tai l  and 
would be  expected t o  make an appreciable  contribution  to  the  static sta- 
b i l i t y  and damping of an airplane OR which it m i g h t  be employed. At high 
Mach numbers  where the tail-floating tendency is high, as indicated by 
large  negative  values of %/act, the tail contribution  to  airplane  static 
s t a b i l i t y  and damping  would be decreased.  Since  the  static  stability of 
most airplane  configurations  tends t o  increase at high Mach nuuibers, a 
decrease in   the  s tabi l i ty   contr ibut ion of this  type t a i l  would probably 
be deslrable; however, the damp- of many airplanes tends to decrease 
at high Mach numbers and high alt i tudes  (refs.  8 and 9 )  , and a decrease 
of the t a i l  contribution t o  airplane damging may be of some significance. 

le-of-attack  effect.-  Figures 17 and 18 show the variation of 
ds/da%th angle of attack at constant  servoplane  deflections and sub- 
sonic  speeds. The data i n  figure 17 are a comgarison  of  rocket-model 
and wind-tunnel results,  and the data i n  figure 18 are wind-tunnel resul ts  
showing a  comparison of the data obtained wfth the  original and smal l  
servoplanes and with the servoplane removed.  These data, show that  the 
negative f loa t ing  tendency of the tail, as  indicated by negative  values 
of d6/da, decreases  steadily as angle of attack increases. In  the  rocket- 
model t e s t s  the ta i l  approaches a zero floating tendency above an angle 
of attack of loo, whereas in  the wind-tuzmel t e s t s  of the  original con- 
f igurat ion  a t  & = @ the t a i l  has  zero float- tendency a t  821 angle of 
attack of loo and a positive  floating tendency as angle of attack  increases 
above loo. Other  unpublished low-speed ~ d - t u n n e l  tests show the tail- 
floating tendency to be zero at an angle of attack of @ and positive at 
higher  angles of attack. The tail-floating tendency at smal l  negative 
angles of attack is greater than at positive angles of attack  for  the Oo 
servoplane  position; however, as angle of attack  increases  negatively, 
the  tai l-floating tendency gradually  decreases. The rocket-model data 
presented  in figure 15 also show decreasing  values of %/act w i t h  
increasing  angle of attack, and i n  figure l5( a), where 6, = lo, show 
t h a t   a t  an angle of attack of -5O the values of aS/da are  greater  than 
at positive  angles of attack. 

The agreement between  rocket-model and wind-tunnel data is not par- 
t i cu la r ly  good even though similar trends  are  indicated; however, there 
are several  factors which may have considerable  influence on the data. 
As previously  described, the wind-tunnel model used had a shorter body 
than  the  rocket model; and a t  high angles of attack the nose of the model 
was very  near the tunnel  ceiling, whereas at large  negative angles of 
attack  the t a i l  was near  the  tunnel  ceiling. No attempt has been made - 
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t o  apply any corrections t o  the wind-tunnel data  since  these  tests were 
only  preliminary  to  the rocket-model t e s t s .  As previously  discussed and 
i l lustrated in figure u), the p lo t s  of 6 against a obtained from the 
rocket-model t e s t s  show a hysteresis  effect which must be fai red out i n  
order t o  obtain  values of as/&. Such fairing is  a logical source of 
small discrepancies in   the data obtained. The large  difference  in  results 
obtained a t  high  angles of attack is  probably  primarily due t o  tunnel- 
wall and support-strut  interference. 

z 

Servoplane effect.- The data of figure 18 show that-  reducing  the 
servoplane  area t o  80 percent of the area of the o r ig ina l  servoplane 
results i n  a large  increase Fn both the  tai l-floating tendency and the 
angle-of-attack  range  over which the  tai l-floating tendency is negative 
and also tends t o  make the  floating tendency more nearly  constant w i t h  
angle of attack. A t - - h i g h  angles of attack, however, the t a i l  s t i l l  
becomes overbalanced. With the  servoplane removed from the  ta i l ,   the  
floating tendency is increased greatly and tends to increase  rather  than 
decrease at high  angles of attack. A comparison of these  data  leads t o  
the  conclusion  that  servoplane downwash effects on the floating char- 
acter is t ics  of the free-floatFng ta i l  are nonlinear with angle of attack? 
being  particularly  large at high angles of attack, and are  overbalancing. 

Servoplane deflection has a  large  effect on the  floating tendency 
of the  free-floating  tail.   Figures 18 and 19 show t h i s  effect .  Fig- 
ure 19 is a plot of the variation of ds/da w i t h  servoplane  deflection 
a t  constant  angles of attack  for  both  servoplane  configurations 88 
obtained from the wind-tunnel tests. These dat-a show for  the  original 
configuration that at positive  angles of attack the  tail-floating  tend- 
ency increases and at negative  angles of attack decreases as servoplane 
deflection is  changed in  the  negative  direction. A t  an angle of attack 
of 0' there is  l i t t l e  effect of servoplane  deflection on the  tail-floating 
characteristics through the  servoplane-deflection  range of these  tests.  
For the small servoplane, however, there is  l i t t l e   e f f e c t  of servoplane 
deflection at any angle of attack within the range of these  tests.  AE 
indicated by a comparison of the data in figures 16, 18, and lg(a) the 
agreement between wind-tunnel and rocket-model data is good.. In  f ig-  
ure  16(a) where a = Oo servoplane  deflection  again has l i t t l e   e f f e c t  
on the  tail-floating tendency, end in figure  16(b) where a = 5" the 
tail-float-  tendency increases  as  servoplane  deflection  increases 
negatively. Also the rocket-model data presented in f igme 17, lFke the 
wind-tunnel data i n  figure 19, show that changing servoplane  deflection 
i n  the  negative  direction  increases  the  tail-floating tendency at posi- 
tive  angles of attack and decreases it at negative  angles of attack. 
In  a practical  application of this  control system t o  an airplane, neg- 
ative  servoplane  deflections would be required t o  produce. positive  angles 
of attack.  Therefore,  the  decrease i n  tail-floating tendency w i t h  
increasing  angle of attack would be par t ia l ly  compensated f o r  by the 
increase in ts i l - f loat ing tendency at negative  servoplane  deflections. 



. 
Hinge Moments 

In  this discussion  the hinge-moment derivatives  considered  are  those 
of  the t a i l  unit  o r  i t s  components about the t a i l  pivot axis and have no 
significance  as t o  the   p i lo t ' s  stick forces. A l l  the data presented  repre- 
sent  the  hinge moments against which the  servoplane must work i n  changing 
the  free-floating-tail  t r i m  deflection  or l i f t  force. The servoplane 
hinge moments o r  pi lot ' s   s t ick  forces  have not been considered. 

(2% .- Figure 20 is a plot of the hFnge-moment derivative chs 
against Mach  number a t  each of the two servoplane  positions employed  on 
the two rocket models. As previously  stated,  these data are computed 
from the measured period of the  transient  oscil lations  in tail deflection 
following a change i n  servoplane  deflection. Although the data from the 
two models are  not i n  exact agreement, the  general  trends shown are sim- 
ilar. In  each test  the  data  obtained at positive  servoplane  deflections 
shows higher  values of C% than are shown at negative  servoplane  deflec- 
t ions.  During the time that  these data are obtained, the range of 6 
and a i s  variable.  Generally,  the data at negative  servoplane  deflec- 
tions correspond to  higher arrgles of attack  than  those a t  positive servo- 
plane  deflections, and the  angle of attack  increases as Mach  number 
increases.  Insufficient data are  available t o  plot  curves a t  constant 
angles of attack  or tai l  deflection;  therefore,  the individual effects 
of servoplane-  deflection and angle of  attack on the value of CM can- 
not be established  definitely. However, the  decrease Fn values of C b  

a t  negative  servoplane  deflections and high angles of attack would be 
expected to  resul t  in  increased  servoplane  effectiveness under  such con- 
ditions, and figure 14 indicates that th i s  i s  true.  In figure 14 the 
servoplane  effectiveness  for m o d e l A  is shown to  be greater at a = 5O 
than a t  a = o O .  

- 

The variation of C b  with Mach  number is  not large,  but C k  

tends  to  increase as Mach  number increases. However, above M = 0.95 
it is  irregular, whereas below this speed it is  compratively -smooth. 
Unpublished low-speed wind-tunnel t e s t s  show that C b  = -0.0093, which 
is i n  good agreement with  these  data.  Since  there are no large o r  abrupt 
changes i n  C$ with Mach Llurriber, servoplane  effectiveness would be 
expected t o  remain reasonably  constant  with Mach number, and figure 14 
fndicates  that such is the  case,  the  irregularities above M = 0.95 cor- 
responding to   the   i r regular i t ies   in  C% above M = 0.93. Since  the 
derivative C b  is complex, as pointed  out in  the section on "Method 

of Analysis," the i r regular i t ies   in  Chs above M = 0.95 may be consid- 
ered  as  the  result of changes in  the  qv8ntities C b  and C h s f  which 

m a k e  up C b .  - 
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Cb.- As described  previously in t h i s  paper,  valued may be - 
for  the p w t i a l  hinge-moment derivative C& by combining the 

~53128a 
- 

computed 

aS/h data obtained.  Figure 21 presents this information  plotted  against 
Mach number. The curves for  6c values  of Do, -2O, and -3.73O are derived 
from the data of figures 16(b) and 20 a t  (r = 5" and the curve for €jC- = lo 
from the data of figures 16(a) and 20 at a = Oo. In each  case  the  angle 
of attack  selected  for computing these data represents the angle-aP-attack 
r a g e  in which most-of the data were obtained. With the exception of the 
data at 6c = -3.73O, the Cb data thus computed  show good agreement for  
the  servoplane  positions used and also show that  the  value of C k  remains 
nearly  constant with Mach  number at subsonic  speeds up t o  M FJ 0.95. A t  
M FJ 0.95, the values  dip  sharply  to a bucket- and increase  rapidly  to 
M = 1 .O. Above M = 1.0, C b  continues to increase t o  M = 1.15 which 
is the  highest speed where % data Were obtained. These data seem t o  
indicate that a t  s m a l l  servoplane  deflections there is l i t t l e   e f f e c t  of 
either servoplane  position  or angle of attack on the values of chc,, 
part icular ly  at subsonic speeds. The l o w  value of % st subsonic 
speeds  indicates that-the center  of  pressure of the t a i l  uni t  is only 
s l igh t ly  back of the t a i l  pivot axis, and, as Mach  number increases, the 
center of pressure first moves forward almost to  the pivot axis a t  M S=I 0.95 
and thereafter moves rearward fair ly   rapidly as Mach  number increases. 

r 

Chsf . -  The data fo r  C h  as obtained from the difference in Ch6 
f - 

and C b  are also presented in figure 21 along  with  the C h  data of 
figure 20 which has been repeated  for  purposes of comparison. These data 
show that the  values of C increase  gradually  with Mach number  up t o  bf 
M f~ 0.95 and then  decrease sharply as Mach Ilumber increases  to M = 1.1. 
A b o v e  M = 1.1 the  values tend to   l eve l   ou t .  As pointed  out  previously, 
this derivative  represents  the sum of the f l ap  hinge moments about  the 
f l a p  hinge l i ne  and the moment &out the pivot axis produced by the f lap  
lift forces.  Generally, at transonic speeds the l i f t  effectiveness of a 
plain f l ap  decreases whereas the hinge moments increase  sharply  (ref s . 10 
and ILL). Thus, i n  the present  case,  the  data  indicate that the change 
i n  hinge moment result ing from a loss in f lap  l i f t  effectiveness is  
greater  than the change result ing from an increase in f lap  hinge moments 
up t o  FI = 1.1. Above M = 1.1 up t o  the limit of these data, the two 
effects  apparently  equalize. 

The differences in C at the  different  values of ijc are cam- 
bf * 

paratively  large and are greater at subsonic speeds than at'supersonic 
speeds. These differences may be attr ibuted  to  differences.  in a, 6, 
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or  6,; however, they  apparently are primarily due t o  EC and 6, the 
- differences in c;naL being small. 

In comparing these %, w, and C data it can be seen  that bf 
the geometric and aerodynamic  arrangement of this free-floating tail uni t  
is such that  the  increase i n  C b  at transonic  speeh i s  counteracted by 
a decrease in  C b  which resul ts  i n  a pract1ceX.y  constant  value of 

C a  through  the  transonic-speed  range. Thus, a satisfactory  balance is 
achieved which allows the use of a ' relatively simple aerodynsmic servo 
t o  change the t a i l  trh. The applicabili ty of this control system to an 
airplane  configuration is, of course,  dependent on many factors  other 
than i ts  hinge-moment characteristics, and the system readily  lends itself 
t o  many modifications  for  the purpose of obtaining  desired  characteristics. 

f 

chsc 0 -  As previously sham, values may be computed for  the partial 
hinge -moment derivative by combining the C b  data of figure 20 

and the &/BC data of figure 14. The values of C h s C  so determfned 
are presented in  f igure 21 and represent  the  tail-balancing moments due 
to the  servoplane. 

- 
c% 

1 

- 
These data show that the balancing action of the  servoplane fs 

reasonably  constant with Mach nuniber. The slight peak at M = I cor- 
responds to the  expected peak in the lift-curve  slope f o r  such a lifting 
surface. Unpublished  low-speed wind-tunnel t e s t s  show C b c  = 0.0024 

which is in good agreement with these data. 

T a i l  Damping 

The wing characteristics of the free-floating  horizontal tall 
about i t s  pivot axis are presented i n  figure 22 as a plot  against  Mach 
number of values of (2% + CG which were determined from the two rocket- 
model t e s t s .  These data show tha t  the t a i l  dampa derivative remains 
practically  constant  over  the Mach  number range of the  tests  except in  
the Mach  nmnber range between 0.95 and 1.05. In this range  there is 
f i r s t  a rapid loss in wing, followed by a rapid  recovery. A t  M = 0.98, 
the t a i l  i s  dynamically  unstable.  Figure 23 is a reproduction of a sec- 
t ion  of the  telemeter  record  obtained from model A and shows the character 
of the t a i l   o sc i l l a t ions  in  the unstable range. .. 

Ln accordance with data  presented in reference 8, this loss of damping 
would not be expected; however, the influence of t h e   v e r t i c a l   t a i l  and - - 



the  intersection  of the ver t ica l  and horizontal tails is  not known. 
Unpublished  wind-tunnel tests made in   the  Langley 8-foot  transonic w i n d  
tunnel of  t a i l  conTigurations similar t o  the one being  investigated  here U 

agree  well with these damping data. I n  these wind tunnel  tests,   the loss 
of t a i l  d q i n g  occurred at a s l igh t ly  higher Mach  number range. Also, 
the wind-tunnel tests indicated that the  influence of the ver t ica l  t a i l  
w a s  primarily  responsible  for the loss  of t a i l  demping and resultant 
large  osci l la t ions.  In  applying the t a i l  to  an airplane, t h i s  ins tab i l i ty  
would not be expected t o  be a matter of serious consequence, sfnce a 
mechanical damper could eas i ly  be included i n  the design. 

The agreement between dat-a obtained at the different  servoplane 
deflections is good, and the e m l l  differences shown may be  attr ibuted 
to  differences  in  angle of attack and t a i lde f l ec t ion  as w e l l  a~ servo- 
plane  position. .. . - 

In  reducing these damping data from the present tests, it w a s  noted 
that there w a s  a reasonably  consistent  variation  of damping w i t h  the 
amplitude of the t a i l  oscil lation  regardless of' the t a i l  trim deflection. 
A t  amplitudes greater than 6 = 0.6O, .there w a s  no appreciable  variation 
of damping w i t h  anplitude; however, at emplitudes less than 0.60, &ping 
increased  rapidly as amplitude  decreased u n t i l  at an amplitude  of 0.40 
the values  of C g  + Cha; are about  twice the values at higher  amplitude. .I 

As the   osci l la t ion amplitude  decreases further to 0.2O the damping 
decreased to values of the same order as a t  the high  anqlitudes. All 
the  data shown in  f igure 22 were obtained from t a i l  osckllations having 
amplitudes  greater  than 6 = 0 . 6 ~ .  

L i f t  

D a t a  fo r  three different l i f t  derivatives have been  obtained from 
these rocket-model t e s t s .  Two of these  derivatives, C h  and C k ' ,  

re fer  t o  the complete  rocket-model  configuration, wherea's the th i rd  CL 

represents the lift or maneuvering effectiveness of the  horizontal   ta i l  
and is of  primary importance i n  this paper. A s  previously mentioned, 
i n  the Mach  number ranges where these  three  derivatives  could not be 
individually determined,  values have been computed fo r  any  one of t h e m  
where values  of the other two were measured. 

6 

Tail l i f t . -  Figure 24 presents  the t a i l  l i f t  effectiveness data 
obtained from rocke€ modelB and shows the. variation of with Mach 
number. The dashed-portfon  of this curve represents  values computed 
from measured values of related  quantit ies.  These data show that  C L ~  
is nearly  constant w i t h  Mach  number  up to  M = 1.15 a t  which speed it 



starts to  decrease and tends to  level  out  again as Mach  number reaches 1.4. 
Tail l i f t  effectiveness  at  M = 1.4 is  s t i l l  70 percent of subsonic 
effectiveness. 

The cotnparative  constancy of the Uft effectiveness through the 
transonic speed  range together  with  the hi& RS values  obtained  indicate 
that this  control system m i g h t  be very  satisfactory from a maneuvering 
point of view when applied t o  a transonic  airplane  configuration. The 
unconventionally  high  values of C L ~  shown are commensurate with an 

all-movable tail having  a  linked  unbalancing flap. 

The fact  that  the  value of remains nearly  constant up t o  
M = 1.15 can be at t r ibuted  to  two causes. As previously shown C h  

represents  the sum of the lift forces due t o  t a i l   de f l ec t ion  and to  f lap  
deflection. Hinge-moment data presented  in figure 21 indicated  that   f lap 
lift effectiveness  decreased  rapidly above M = 0.95; however, model lift 
data obtained  with  the t a i l  fixed and presented later in  th i s  paper show 
that   the t a i l  l i f t  increases above M = 0.95. This gain  in t a i l  l i f t  
compensates for  the loss i n   f l ap  lift and results i n  a nearly  constant 
CQ up to  M = 1.15. Above M = 1.15 t a i l  lift decreases slightly; 
thus, also decreases. 

C L ~  data were not  obtained from model A, and it w a s  not  possible 
t o  determine  values f o r  the servoplane lift derivative C-& f r o m  e i ther  

model. 
C 

Model l i f t  .- Figure 25 shows the  variation of coqlete-model lift 
derivatives C h  and C&' with Mach nmber. Again the dashed portion 
of the C h '  curve represents computed values. These \ data are 

the model l i f t  derivative with the tail free and represent  the  effective- 
ness of the t a i l  i n  adding s t a t i c   s t a b i l i t y  t o  an airplane  configuration 
on which it m i g h t  be employed. The data show that C h  1s constant  with 
Mach  number at subsonic  speeds, r i s e s   t o  an abrupt geak at  M fs  0.96, 
and thereafter  decreases  gradually  as Mach nmber  increases t o  M = 1.2. 
Above M = 1.2 the  values  tend to   level   out  at about 70 percent of the 
subsonic  values. These data are in good agreement with  the  tail-floating 
characteristics  data  since at supersonic  speeds where the  tal l-floating 
tendency is high i t s  contribution t o  t o t a l  lift is  decreased. The f ac t  
that   there is only  a %-percent  reduction in  t a i l  l i f t  effectiveness 

pose well in  making t h e   t a i l  provide a s tabi l i ty   contr ibut ion  to  an 
airplane. 

- through the Mach  number range shows that the linked  flap  serves i ts  pur- 

- - 



The higher values  of C k  obtained from model B as compared t o  
those  obtained from model A are a resu l t  of the fac t  that m o d e l  B was i n  
a higher angle-of-attack  range  throughout i t s  flight than was model A. 
The tail-floating  characterist ics data presented  previously show that 
the ta i l - f loat ing tendency  decreases as angle of attack increases;  there- 
fore, the t a i l  l i f t  contribution would be greater at high angles of attack 
than a t  low angles of attack.  Insufficient l i f t  data were obtained t o  
allow presenting C h  data at constant angles of attack. 

The C h '  data shown are the model lift derivative  with  the t a i l  
fixed and, since  fuselage lift is only a small percentage  of the t o t a l ,  
represent the l i f t  characterist ics of the t a i l  when the  f lap is consid- 
ered fixed. These data were obtained during portions of the flight of 
model B when the t a i l  was against one of i ts  deflection  stops and was 
effectively  f ixed.  Insufficient--data were obtained from model A t o  plot 

. sfmilar data. These data show that the ta i l - f ixed lift increases gradu- 
aXly with Mach  number above M = 1 .O t o  a peak at M = 1.2 and there- 
after decreases  until at M = 1.4 the values are nearly the same as at 
subsonic  speeds. The increase  in l i f t  effectiveness above M = 1.0 
counteracts  the loss in  f l ap  lift effectiveness  previously shown and 
results i n  the sustained maneuvering and airplane  stabil i ty  effective- 
ness  of the t a i l  through  the  transonic speed range. Also, this increase 
i n  l i f t  indicates that the increase  in C b  previously shown is  due par- 

t i a l l y  to the l i f t  increase as w e l l  as t o  rearward movement of t h e   t a i l  
center of pressure. 

u 

These C&' data compare favorably  with CrcL data  presented i n  
references 10 and ll. The f ac t  that the peal?; value of C k '  occurs a t  
a somewhat higher Mach  number than would be expected is  due primarily 
to   the  increase in  Q with angle of attack shown in  references 10 
and 11 as w e l l  as by the Q data previously  presented. In the  pres- 
ent  tests, the angles  of attack are greater a t  high Mach numbers than at 
low Mach numbers. 

Figure 26 presents the complete-model trim l i f t -coeff ic ient  data 
obtained a t  one servoplane  position on each  rocket model and shows the 
variation of t r i m  wlth Mach  number at constant  angles of attack i n  
the ranges where t h e   t a i l  i s  free. These data show a sharp  negative trim 
change in the Mach  number range between 0.95 and 1.0 which increases  in 
severity as angle of  attack  increases. A t  higher Mach  numbers there is 
a pos-itive trim change  wkich continues up to  the highest Mach nuniber 
where data were obtafned. The relationship of these  curves shows that 
the l if t-curve slope decreases at Mach numbers  above 1.0. F'rom the data 
obtained i n  these t e s t s  it is  not  possible  to determine definitely  the 
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cause of these trim changes; however, t a i l  trim data t o  be presented  later 
do give some indication of the effects of tail-trim changes. 

T a i l  Trim Characteristics 

The free-floating-tail  trim characteristics are shown i n  figures 27 
t o  29. Figure 2'7 shows the  variation w i t h  Mach  number of the tail trim 
deflection  at  constant  angles of attack  for one servoplane  position on 
each model,  and figure 28 shows this same variation at two angles of 
attack f o r  each  servoplane  position on both m e l a .  These data show 
that below M - 0.95 there is no appreciable change in t a i l   t r im  def lec-  
tfon w i t h  Mach  number; however, a b v e  M = 0.95, there is a gradual trim 
change in  the  positive d.irection a t  a = Oo. A t  a = 9 there is f i rs t  
a negative trim change followed by a positive change as Mach  number 
increases above 0.95, and at a = 10' the changes are similar to  the 
changes at a = 9. In the  subsonic  speed renge the close  relative prox- 
imity of the trim curves at different angles of attack  corresponds t o  
the l o w  ta i l - f loat ing tendency or low values of aS/h shown i n  figure 15, 
and  above M = 0.95 the  relative  spreading  apart .of these  curves  corre- 
sponds t o  the  rapidly  increasing  tail-floating tendency as Mach  number 
increases. Consequently, the basic tail trim change is that shown for  
a = 00 which i s  a gradual positive change as Mach number increases above 
M fir 0.95, and the  fact   that  at positive  angles of .attack the trim change 
is f i rs t  in the  negative  direction is due t o  the spreading  effect of the 
rapidly  increasing  tail-floating  tendency. 

The data of figure 28 show that there i s  no appreciable  effect of 
servoplane  position on the  variation of  t a i l  trim with Mach nunher. The 
absolute trim position of the t a i l  on one  model,  however, cannot be com- 
pared with the absolute trim position on the other model because of inher- 
ent s m a l l  inaccuracies in absolute  values of t a i l  deflectfon and because 
of the body boat ta i l  fairing on model B. With the  possible  exception of 
some slight difference in  absolute tail deflection,  there is  no indica- 
t ion  in  these data that the body boat ta i l   fa i r -  has any appreciable 
effect  on the trim characteristics of t h i s  free-floating ta i l .  Also 
these data in  conjunction with data previously  presented  indicate that 
t h e   t a i l  trim change as Mach  number increases cannot be attr ibuted t o  
any effect  of the  servoplane on the s tab i l izer .  The most l ike ly  explana- 
t ion of the cause  of this t a i l  trim change Ues  in the interference  effects 
of the  vertical  t a i l  and between the  horizontal and ver t ical  tails a t  
their   intersection. Ffgure 2(c) shows a cross-sectional v i e w  of this 
intersection and reveals  the  possibility of high positive  pressures at 
the f in leading edge affecting  the  horizontal-tail  area wlthin the tail 
boom at the  juncture. Such an occurrence would be expected t o  cause a 
positive  hinge moment on the tai l  and thus produce a positive trim chauge. 
Unpublished  wind-tunnel tests made in the Langley 8-foot transonic wind 
tunnel show that the interference  effects of the vert ical  tail and i ts  
associated shock patterns are primarily  responsible  for  the t a i l  trim 
change. - 
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Utilizing  equation (4) and hinge-moment data presented in  figure 21, 
together w i t h  t a i l  trim data, values have been-computed fo r  Cb. The 
C b  values  so  determined are presented i n  figure 29 and generally show 
that the basic t a i l  hinge moment increases  positively wfth Mach number 
above 0.95 in a manner similar to the t a i l  trim deflection. These b t a  
then  indicate that the t a i l  trim change is  primarily  the  result of a 
change in the t a i l  trim hinge moment and that- the t a i l  l i f t  ,is not  appre- 
ciably  affected. This conclusion i s  borne out by a comparispn of the model 
trim l i f t  coefficients  presented in figure 26 w i t h  the tail trim deflec- 
t ions shown i n  figure 27. The variation of model trim l i f t  with Mach 
number is  essentially  the same as the variation of tail-trim deflection 
except tha t  the model trim l i f t  seems t o  deCre8Se slightly between M = 0.95 
and 1.0 as evidenced a t  OL = Oo. 

c0NcLus10Ns 

Low-speed nind-tunnel tests and rocket-model tests from M = 0.6 
to M = 1.46 of a canard-balanced free-float-ing all-movable triangular 
hor izonta l   t a i l  mounted on the t i p  of a swept vertical t a i l  and having 
a linked  trailing-edge f lap  indicated  the following conclusions: 

1. Wind-tunnel t e s t s  of both  the  original and a smaller canard  type 
servoplane shov that servoplane downmsh has an appreciable  overbalancing 
effect  on the floating  characterist ics of the free-floating tail particu- 
l a r l y   a t  high angles of attack. 

2. There are no large o r  abrupt changes in servoplane  effectiveness 
with Mach  number  up t o  E4 = 1.15 and agreement between wind-tunnel and 
rocket-model t e s t s  is good. 

3.  The tendency of the  free-floating tau t o  f loat   in to ,  the wind 
is quite low at subsonic speeds but  increases  rapidly i n  the transonic 
range; thus,   the  stabil i ty and damping contribution that the t a i l  m i g h t  
make t o  an airplane  configuration is decreased. The tail-floating  tend- 
ency decreases with increasing  angle  of attack but i s  par t ia l ly  compen- 
sated  for by an increased  floating tendency at negative  servoplane 
deflections. .. 

4. In the  transonic speed  range, the hinge-moment derivative due to 
angle of attack C b  Increases  rapidly,  but  the  increase is  compensated 
for by a reduction in   the  hinge-moment derivative due t o  f lap  deflection 
C b f  which resul ts  in an irregular  but  comparatively  steady  value of 
the hinge moment dervative due t o  t a i l  deflection. chg Up t o  the highest 

. 
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speed  reached i n  these  tes ts .  Thus, a satisfactory  balance is  achieved 
which allows the use of an aerodynamic servo t o  change the t a i l  trim. 

5 .  The  damping characteristics of the   Pee- f loa t ing   ta i l  are accept- 
able in that   the  sum of the damping derivatives i s  nearly  constant  with 
Mach  number except a t  Mach number 0.98. A t  Mach nmiber 0.98, t h e   t a i l  
i s  dynamically unstable. A mechanical damper can easi ly  be included i n  
the  design. 

6. The’ constancy of the all-movable t a i l  lift effectiveness through 
the  transonic  speed range together  with  the  highvalues of l i f t  due t o  
tail deflection Cr, obtained  indicate  that this control might be  very 

satisfactory f’rom a maneuvering point of v i e w  when applied  to a transonic 
airplane  configuration. 

6 

7. The l i f t   cha rac t e r i s t i c s  of the complete model indicate that the 
tail-linked f l a p  serves i t s  purpose well i n  making the t a i l  provide a 
stabil i ty  contribution to  the complete configuration  throughout  the  speed 
range. 

8. As Mach  number increases above Mach nmiber 0.95 there is a steadily 
increasing  positive trim change in the hinge moment of the  free-floating 
t a i l  which is not  appreciably  affected by elimination of the body boat- 
t a i l  and  which i s  not accompanied by a corresponding change in the tai l  
trim lif t .   Interference  effects  of t h e   v e r t i c a l t a i l  and the  juncture 
of the  horizontal and ver t ica l  tails are probably  the  cause of t h i s  hinge- 
moment trim change. 

Langley Aeronautical  Laboratory, 
National Advisory Committee for Aeronautics, 

Langley Field, Va., September 28, 1953. 
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TABIE I 

GEOMETRIC CHAFUXTERISTICS OF H0RIU)NTAL 

NACA RM L53128a 
. 
I 

AND VERTICAL TAILS 

Horizontal t a i l  : 

Stabi l izer :  

Delta surface.  leading-edge sweepback. deg . . . . . . . . . .  63.4 
Aspect r a t io  . . . . . . . . . . . . . . . . . . . . . . . . .  2 . 0 
k e a .  sq ft . . . . . . . . . . . . . . . . . . . . . . . . .  1.47 
Mean aerodynamic  chord. f t  . . . . . . . . . . . . . . . . . .  1.14 
Airfoil   section . . . . . . . . .  GAEC-004 (similar t o  NACA 0004) 
Pivot-axis  location.  percent mean aerodynamic chord . . . . .  29 
Flap linkage ra t io  . . . . . . . . . . . . . . . . . . . . . . .  1:1 

Servoplane : 

Delta. surface.  leading-edge sweepback. deg . . . . . . . . . .  63.4 
Aspectrat io  . . . . . . . . . . . . . . . . . . . . . . . . . .  2.0 
Area. sq f t  0.122 . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean aerodynamic  chord.  f t . . . . . . . . . . . . . . . . .  0.329 
Airfoil  section . . . . . . . . .  GAEC-006 (similar to NACA 0006) 
Hinge-axis location.  percent mean aerodynamic chord . . . . .  47 

I 

Vertical  t a i l  (exposed) : .- 

Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 674 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . .  0.444 
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . .  1.91 
Span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.137 
Mean aerodynamic  chord. f t  . . . . . . . . . . . . . . . . .  1.77 
Sweepback of 0.25-chord l ine  . . . . . . . . . . .  : . . . .  54026' 
Airfoil   section  (parallel  t o  f ree  stream) . . . . . .  NACA 64AO08 



TABU3 I1 

MASS CHARACTESISTICS OF ROCKET MODELS 

Takeoff weight, lb . . . . . . . .  
Burnout weight, lb . . . . . . . .  
Takeoff mass, slugs . . . . . . .  
Burnout mass, slugs . . . . . . .  
Takeoff center-of-gravity  location 

Burnout center-of-gravity  location 

I y  (burnout),  slug-ft2 . . . . .  

pivot  axis), f t  . . . . . . . .  
pivot  axis), f t  . . . . . . . .  

Iyt, slug-ft 2 . . . . . . . . . .  

. . . . . .  . . . . . .  . . . . . .  . . . . . .  
(forward of . . . . . .  
(forward of . . . . . .  . . . . . .  

. . . .  . . . .  . . . .  . . . .  
tail 

tail 
. . . .  
. . . .  . . . .  

Model 
A 

2.25 

2.34 

0.143 
28 .o 

35 

Model 
B 

196 5 
170 .o 
6.11 
5.28 

2.01 

2.06 
27 -5 
0.149 

. 



36 

\ 
f\ 

Model center of gravity 

Relative wind 

Trajectory 

f 
.\ 

CH 

Linked f l a p 7  

(b) Horizontal tail. 

Figure 1.- Sign conventions used for canard-balanced  all-movable  hori- 
zontal ta l l .  All angles,  deflections,  forces, and moments are shown 
in positive sense. 
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Angle-of-attack pickup Static:preaaure orifioe 
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Pivot aria 
.Top vier! 

ballast 

Rear view 

Figure 2.- General arra&ement of rocket models. All dimensions m e  i n  
inches. 
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a 

Pivot & X I S  

servoplane hinge line 

20.60 

* 20.60 

Top view 

c 

side view 

(b) Horizontal tall. 

Figure 2 .- Continued. 
P 
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/ 
(C)  Section view shdng intersection  of  horizontal d v e r t i c a l  tails 

in plane of symmetry. 

Figure 2.- Continued. 
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Side view 

(a) Boattail fafring. 

Figure 2.- Concluded. 
. 
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............ .. 

L-71564. I 
Figure 5 .- Rocket model B in combination with its booster  rocket munted 

on the launching platform. 
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Figure 6 . -  Variation of Reyn0ld.a mmiber with Mach nuniber. Reynolds 
number based on stabilizer mean aerodynamic chord. 
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"" 

. 

. 

Figure 7 .- General 

Side vies  

arrangement of wind-tunnel 
i n  inches. 

model. A l l  dimensions are 
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L-67206 , (a) view upstream. 

L-67207 
(b) View downstream. 

Figure 8.- Wind-tunnel model mounted i n  the -ley s t ab i l i t y  tunnel. - 
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Servoplane hinge l i n e  

1 

47 

. 

Servoplane hinge line 

J 
f 

Small servoplane 

Center l ine  of boom 

Center line of boom 

Figure 9. - Plan form of or ig ina l  and s m a l l  servoplanes . A l l  dimensions 
are in inches. 
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Figure 10.- m i c a l  plots of the variation of horizontal-tail  deflection 
with angle of attack of rocket m o d e l .  
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Figure ll.- Variation of horizontal-tail  deflection with angle of attack 
a t  constant valuee of servoplane  deflection a8 obtained from low-speed 
wind-tunnel tests of the original configuration. 
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- 6 ,  -4 -2 0 2 4 . 

(a)  Original  configuration. 

.4 

.2 

n u -  

-6 -4 -2 0 2 4 

(b) small servoplane. 

Figure 12.- Variation of &/asc with servoplane  deflection at constant 
angles of attack 88 obtained from xind-tunnel tests. 



04 

NACA RM L53l28a 

. 

0 
-8 -4 0 4 8 - -  12 

-4 

0 
-8 -4 0 4 8 12 

(b ) servoplane. 

Figure l.3 .- Variation of.. &/asc with angle of a t tack at constant servo- 
plane deflection as obtained from wind-tunnel tests. 
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(a) Rocket model A; 6c = lo. 

- a 8  
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- .4 
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.6 -7 .8 .0 1 .o 1.1 1.2 1.8 1.4 1.6 

Y 

(b) Rocket model B; 6, = 0'. 

Figure 15.- Variation of &/& with Mach number at  constant angles of 
attack as obtained from rocket-model t ea t s .  
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(a) a = oO. 
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a, dei3 

Figure 17. - Variation of ?E/& with angle of attack .at constant values 
of servoplane  deflection as obtained from rocket-model and wind-tunnel 
tests at subsonic  speeds. . . .  
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Figure 18.- Variation of b/& with  angle of attack at constant  values 
of servoplane deflection as obtained from wind-tunnel t e s t s  with 
servoplane on. and off and with small  servoplane. 
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(b> small servoplane. 

Figure 19.- Variation of &/a, with servoplane  deflection at constant 
angles of attack 8,s obtained from wind-tunnel tests. 



ch6 

“016 

-. 012 

-. 008 

-. 004 

0 

e 6  .7 .8 .9 1.0 1.1 1.2 1.3 

Y 

(a) Model A. 
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(b) Model B. 

Figure 20.- Variation of horizontal-tail hinge-moment derivative C b  
with Mach  number aa obtained from rocket-model tests .  
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Figure 21.- Variation of horizontal-$ail hinge-moment derivatives  wlth 
Mach number as obtained from rocket-model tests. 
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Figure 22.- Variation of horizontal-tail  aemping derivatives wI~JJ Mach 
d e r  a~ obtainea from rocket-model. tests. 
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Figure 23.- Reprcduction  of section of telemeter record obtained f r o m  
rocket model A showing dyaamc instability of the  free-floating 
horizontal tail. 
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e 6  .7. .8 -9 1.0 1.1 1.2 1.3  1.4 1.5 
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Figure 24.- Variation of l i f t  due t o  tail deflection with Mach  nuniber as 
obtained from rocket model B. .. . 
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Figure 25.- Variation of lift-curve slope with Mach number as obtained 
from rocket-model tests wlth  horizontal tail both  free  floating and 
fixed. 
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(a) Model A; EC = lo. 

Figure 26.- Variation Of model Uft coefficient Kith bkch number at 
constant angles of attack. 
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(b) Model B; EC = Oo. 

Figure 26.- Concluded. 
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(b) Moael B; Bc = 0'. 

F i g ~ ~ r e  27.- Variation o f  trim horizontal-tail deflection xlth Mach 
number at constant angle8 of attack as obtained f r o m  rocket-model 
tests. 



. . . . . .. 

e 

9Ch = 0 )  0 

..e .7 ..e ' .e 1.0 1.1 1.8 1.1 1.4 1.6 
._ 

(a) a = 00. 

8 

-4 
.e .7 .8 . .9 1.0 1.1: 1 .Q 1.3 1.4 1.5 

" 

(b) a 5'. 
Figure 28.- Variation of trim horizontabtai l  deflection with Mach 

number at consfant values of servoplane deflection 88 obtalned from 
rocket-model tea ts .  
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p&ure 8.- Variation of basic tail hinge-moanent coefficient vith Mach 
mmiber . 
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